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(54) COMPOSITE FOIL BRAZING MATERIAL FOR JOINING CERAMICS 

(57)Abstract: 

PURPOSE: To provide the above composite foil brazing 
material which has excellent brazing workability and with 
which high strength of adhesion is obtainable by coating 
both surfaces of the Zr material which a core material 
with 3 laminated materials consisting of a specific 
compsn. in such a manner that an Ni-Cu material is the 
outermost surface and the sectional area ratios of the 
respective blank substrates attain specific values. 
CONSTITUTION: Both surfaces of the Zr material which 
is the core material are coated and formed with the 3 
laminated materials consisting of 20 to 70R Cu/Ti/Ni-Cu 
as a skin material in such a manner that the outermost 
surface is the 20 to70wt% Ni-Cu material. Further, the 
materials are so formed that the sectional area ratios 
thereof attain 30 to 40% Zr material, 35 to 45% Ti material and 10 to 20wt.% Cu material, 20 
to 70wt.% Ni-material, 5 to 15% Cu material, by which the composite foil brazing material for 
joining ceramics consisting of the 7-layered composite material is formed. The brazing 
material is as relatively low as 900°C in brazing working temp, and, therefore, the brazing 
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work can be carried out with good workability. 
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Specification 

1. Title of the invention 

COMPOSITE FOIL SOLDERING MATERIAL FOR JOINIGN CERAMICS 

2. Patent Claim 

1. A composite foil soldering material for joining ceramics characterized by the fact that it 
consists of a 7-layer composite material obtained by coating, on both planes of a Zr material 
provided as a core material, outer skin materials of a triple-layer laminate material comprising of 
Cu/Ti/Ni 20 ~ 70 wt%-Cu whereby the Ni 20 ~ 70 wt%-Cu material constitutes the outermost plane 
and that the respective cross-sectional area ratios of the aforementioned Zr material, Ti material, Cu 
material, & Ni 20 - 70 wt%-Cu material are confined to the following ranges: 

Zr material: 30% ~ 40%; 

Ti material: 35% ~ 45%; 

Cu material: 10% ~ 20%; 

Ni 20 ~ 70 wt%-Cu material: 5% ~ 15%. 

3. Detailed explanation of the invention 

(Industrial application fields) 

The present invention concerns a composite foil soldering material for joining ceramics, and 
more specifically, a composite foil soldering material for joining ceramics capable, by virtue of the 
7-layer composite foil soldering material constitution thereof obtained by coating, on both planes of 
a Zr material provided as a core material, outer skin materials of a triple-layer laminate material 
comprising of Cu/Ti/Ni 20 ~ 70 wt%-Cu, of ensuring not only an excellent soldering operative 

1 Numbers in the margin indicate pagination in the foreign 
text . 



efficiency at a relatively low soldering operation temperature of 900°C but also a high adhesive 
strength. 

(Prior art) 

Generally speaking, in a case where ceramics are mutually joined for providing mechanical 
components, electric & electronic components, etc., their mutually opposing planes are metallized 
with metals bearing analogous thermal expansion coefficients & favorable wettabilities such as Mo, 
W, etc., and subsequently, the aforementioned metallized planes are mutually joined by means of 
Ag soldering, although immense labor & cost burdens are imposed on the metallizing & Ag 
soldering operations, and in particular, many problems are acknowledged in a case where 
heteromorphic ceramic sheets in possession of depressions & protrusions on the to-be-joined 
surfaces thereof are mutually joined. 

The objective of the present invention, which has been conceived in acknowledgment of the 
foregoing current state of affairs, is to provide a soldering material which requires only a low 
soldering operation temperature on an occasion for mutually joining ceramics, which can be easily 
handled and therefore ensures an excellent adhesion operative efficiency, and which is capable not 
only of yielding a high adhesive strength but also of reducing the adhesion cost. 

(Summary of the invention) /2 
The present inventors conducted various investigations on foil-shaped soldering materials 
presumably easy to handle for purposes of reducing the cost of mutually joining ceramics provided 
as mechanical components, electric & electronic components, etc. and of providing a soldering 
material requiring only a low soldering operation temperature & bearing an excellent solderability, 
as a result of which the present invention has been completed after it had been discovered that a 
composite foil soldering material provided by specifiably combining a Ti material, a Zr material, a 
Cu material, & an Ni 20 ~ 70 wt%-Cu material and by designating specified cross-sectional area 
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ratios among them by means of press-down exhibits, as a soldering material for mutually joining 
ceramics provided as mechanical components, electric & electronic components, etc., an excellent 
solderability at a relatively high temperature and can be provided inexpensively. 

In other words, the present invention concerns a composite foil soldering material for 
joining ceramics characterized by the fact that it consists of a 7-layer composite material obtained 
by coating, on both planes of a Zr material provided as a core material, outer skin materials of a 
triple-layer laminate material comprising of Cu/Ti/Ni 20 ~ 70 wt%-Cu whereby the Ni 20 ~ 70 
wt%-Cu material constitutes the outermost plane and that the respective cross-sectional area ratios 
of the aforementioned Zr material, Ti material, Cu material, & Ni 20 - 70 wt%-Cu material are 
confined to the following ranges: 

Zr material: 30% - 40%; 

Ti material: 35% -45%; 
- Cu material: 10% ~20%T~~ ^ 
. C Ni 20 ~ 70 wt%-Cujnateriah 5% - 15%. ) 

Thexomposite foil soldering material of the present invention bears favorable wettabilities 
in relation to ceramics and is therefore ideal for mutually joining ceramics, and since preliminary 
ceramic metallizing processes indispensable for the likes of Ag soldering materials of the prior art 
are unnecessary and since the soldering operation temperature is relatively low at 900°C, its 
operative efficiency is excellent, and a high adhesive strength can be achieved by using this 
composite foil soldering material. 

The composite foil soldering material of the present invention may, furthermore, be used for 
joining mutually homologous materials or mutually heterologous materials, and all conceivable 
oxide-type ceramics can be mutually joined. 

(Constitution of the invention) 
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The composite foil soldering material of the present invention for joining ceramics is a 7- 
layer composite foil soldering material obtained by coating, on both planes of a Zr material 
provided as a core material, outer skin materials of a triple-layer laminate material comprising of 
Cu/Ti/Ni 20 ~ 70 wt%-Cu, and as Figure 1 indicates, the respective layers are, in a case where the 
uppermost plane layer & lowermost plane layer are designated respectively as first & seventh 
layers, laminated in the order shown in Table I below. 



Table I 



Triple-layer material (1st, 2nd, 
& 3rd layers) 


Core material (4th layer) 


Triple-layer material (5th, 6th, 
& 7th layers) 


Ni-Cu-Ti-Cu 


Zr 


Cu-Ti-Ni-Cu 



Zr is used as the core material of the fourth layer of the composite foil soldering material of 
the present invention not only because it contributes, as an active metal together with the Ti material 
within the triple-layer materials comprising the outer skin material (2nd & 6th layers), to the joining 
of ceramics but also because it is necessary for further lowering the melting point of Ti-Cu. 

The Ti material (2nd & 6th layers) is, as has been mentioned above, necessary for achieving 
the requisite adhesive strength as a result of the reaction thereof, as an active metal, with ceramics. 

Moreover, the Cu material is used as planes contacted with the Zr material provided as the 
core material of the fourth layer (3rd & 5th layers) in the present invention, for it is necessary for 
lowering the melting point of Ti. 

Moreover, the Ni 20 - 70 wt%-Cu material is used as the outermost planes of the outer skin 
materials of the present invention (1st & 7th layers) because it is necessary not only for lowering the 
melting point of Ti but also for enhancing the joining strength of ceramics, and in a case where the 



Ni ratio of the Ni-Cu material is lower than 20 wt%, an effect of improving the joining strength is 
absent, whereas in a case where said Ni ratio exceeds 70 wt%, it is undesirable in that the melting 
point of Ti cannot be lowered and that the operative temperature becomes elevated. 

As far as the reasons why the cross-sectional area ratios of the Zr material (4th layer), Ti 
material (2nd & 6th layers), Cu material (3rd & 5th layers), & Ni 20 - 70 wt%-Cu material (1st & 
7th layers) are limited are concerned, in a case where the Zr ratio is below 30%, where the Ti ratio is 
lower than 35%, where the Cu ratio exceeds 20%, and/or where the Ni 20 - 70 wt%-Cu ratio 
exceeds 15%, it is problematic in that it becomes difficult to induce a reaction with ceramics and 
that their joining becomes impossible, whereas in a case where the Zr ratio exceeds 40%, where the 
Ti ratio exceeds 45%, where the Cu ratio is lower than 10%, and/or where the Ni 20 ~ 70 wt%-Cu 
ratio is lower than 5%, it is undesirable in that the melting point becomes elevated and that the 
operative efficiency & ceramic wettability deteriorate. /9 

The composite foil soldering material of the present invention may, for example, be 
obtained based on the following manufacturing method. 

A Cu/Ti/Ni 20 ~ 70 wt%-Cu triple-layer clad sheet is prepared by uncoiling a coil-shaped 
Cu sheet & a coil-shaped Ni 20 ~ 70 wt%-Cu sheet and by flatly pressing, from respectively above 
& below, the aforementioned Cu sheet & Ni 20 - 70 wt%-Cu sheet onto a coil-shaped Ti sheet 
being uncoiled, as an intermediate layer. It is subsequently annealed. 

Moreover, a 7-layer clad sheet is prepared by flatly pressing, from respectively above & 
below, Cu/Ti/Ni 20 ~ 70 wt%-Cu clad sheets onto the aforementioned coil-shaped Cu/Ti/Ni 20 ~ 70 
wt%-Cu clad sheets, which is being uncoiled in a state where the coil-shaped Zr sheet, which serves 
as an intermediate layer, is also being uncoiled in such a way that the Ni 20 - 70 wt%-Cu material 
will prevail as the outermost plane. 

Subsequently, it is repeatedly annealed & rolled, and a composite foil soldering material 
baring specified dimensions & specified cross-sectional area ratios thus becomes finished. 
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A foil with a thickness of 30 ~ 100 ^m is appropriate as the composite foil soldering 
material of the present invention, for it is advantageous in the senses that it can easily fit various 
shapes of adhesion objects, that an excellent adhesive strength can accordingly be achieved, and that 
the adhesion operation also becomes facilitated. 

It becomes possible, furthermore, to significantly improve the ceramic wettability of the 
composite foil soldering material of the present invention in a case where it is coated with an Ag 
material. 

(Application examples) 

A Ti sheet with a thickness of 0.4 mm & a width of 250 mm, a Cu sheet with a thickness of 
0.18 mm & a width of 250 mm, and a Ni 31 wt%-Cu sheet with a thickness of 0.08 mm & a width 
of 250 mm were, in a state where they were being uncoiled and where the Cu sheet & Ni 31 wt%- 
Cu sheet were being contacted with both planes of the Ti sheet provided as a core, rolled at a rolling 
ratio of 65%, as a result of which a Cu/Ti/Ni 31 wt%-Cu clad sheet with a thickness of 0.23 mm & a 
width of 250 mm was obtained. It was subsequently subjected to diffusive annealing for the 
purpose of upping the joining strength of the press contact interface. 

Next, a 7-layer clad sheet with a thickness of 0.25 mm & a width of 250 mm was obtained 
by rolling, at a rolling ratio of 65%, a Zr sheet with a thickness of 0.24 mm & a width of 250 mm & 
a pair of the aforementioned triple-layer Cu/Ti/Ni 31 wt%-Cu clad sheet with a thickness of 0.23 
mm & a width of 250 mm in a state where said triple-layer clad sheets were being contacted with 
both planes of the Zr sheet provided as a core in such a way that the Ni 31 wt%-Cu material will 
prevail as the outermost plane. 

It was subsequently annealed & rolled repeatedly, as a result of which a composite foil 
soldering material with a thickness of 0.1 mm comprising, as each of first & seventh layers, of an Ni 
31 wt%-Cu layer with a thickness of 0.004 mm & a width of 250 mm, as each of third & fifth 
layers, of a Cu layer with a thickness of 0.009 mm & a width of 250 mm, as each of second & sixth 
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layers, a Ti layer with a thickness of 0.02 mm & a width of 250 mm, and, as the fourth layer, a Zr 
layer with a thickness of 0.034 mm & a width of 250 mm was obtained, as Figure 1 indicates. 

The respective cross-sectional area ratios of the Zr material, Ti material, Cu material, & Ni 
31 wt%-Cu material within the 7-layer composite foil soldering material thus obtained were as 
follows: 

Zr material: 34%; Ti material: 40%; Cu material: 18%; Ni 31 wt%-Cu material: 8%. 

After a testpiece had been sampled from the composite foil soldering material, it was 
sandwiched in-between a pair of A1 2 0 3 ceramic sheets with a diameter of 10 mm & a thickness of 5 
mm and a diameter of 15 mm & a thickness of 5 mm, and after the obtained structure had been 
heated & joined within an Ar atmosphere at 900°C over a 10-min. period, it was subjected to a shear 
strength test under conditions where the pair of ceramic sheets were pulled apart into mutually 
opposing directions according to the illustration of Figure 2. The results are shown in Table II. 

For comparative purposes, furthermore, A1 2 0 3 ceramic sheets dimensionally identical to 
their counterparts of the application example were metallized with W and then mutually joined with 
an Al solder provided as a soldering material, and after the joined structure had subsequently been 
heated within an H 2 atomosphere at 850°C over a 5-min. period, it was subjected to the 
aforementioned shear strength test. The results are shown in Table II. 



Table II 





Soldering 


Joining 


Shear strength 


Metallizing 




material 


temperature 




treatment 
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Present invention 


Ni-Cu/ 

Ti/Cu/Zr/Cu/ 

Ti/Ni-Cu 

composite foil 

soldering 

material 


900°C 


14.8 kgf/mm 2 

• 


None 


Comparative 
Example 


Silver solder 
(85Ag-Cu alloy) 


850°C 


9.8 kgf/mm 2 


W metallization 



(Effects of the invention) 

As the application example clearly indicates, the present composite foil soldering material 
can be acknowledged to be ideal for mutually soldering ceramics in that it requires no metallizing 
treatment indispensable in the prior art, that the heating temperature is relatively low at 900°C, that 
it ensures an excellent soldering operative efficiency, and that a high adhesive strength can be /4 
achieved. 

The present composite foil form, furthermore, is advantageous in that an excellent adhesion 
state can easily be achieved even in a case where the joining surface shapes of adhesion targets are 
complex. 

4. Brief explanation of the figures 

Figure 1 is an oblique view demonstrational diagram pertaining to the composite foil 
soldering material of the present invention. 

Figure 2 is an oblique view demonstrational diagram pertaining to adhesion targets provided 
for showing shear strength test conditions. 
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